only contained DNA of nonrecipient origin (presumably donor), while the stromal tissue between the periphery and center contained both recipient and nonrecipient DNA. Conclusions: The corneal stroma was infiltrated by surrounding recipient-derived keratocytes from the periphery. Therefore, more donor-derived cells had survived in the central stroma.
Introduction
The fate of corneal transplant cells has been a topic of controversy from the early days of keratoplasty. In the 1970s, Barr body identification in sex-mismatched corneal transplants was used in such studies, but this method only allows determination of the statistical probability of the gender of a piece of tissue [1, 2] . The introduction of fluorescence in situ hybridization (FISH) analysis of sex chromosomes in ocular tissue is a major development in transplanted corneal cell fate studies. FISH is very specific and can identify sex chromosomes in individual cells of all cell types present in the eye without destroying the ocular texture [3, 4] . However, FISH is a rel- atively time-consuming process and can be applied only to sex-mismatched cases.
The present study investigated donor cell replacement by recipient cells in a corneal graft using a forensic genotyping technique [5] . In contrast to earlier studies [1] [2] [3] [4] [6] [7] [8] , this approach allowed identification of the distribution of donor cells in the cornea. Moreover, this method is not limited to sex-mismatched cases.
Case Report

Patient Information
A 48-year-old male patient presented at our clinic in November 1995 with lattice corneal dystrophy and a visual acuity of 5/200 in both eyes. In September 1996, the patient underwent penetrating keratoplasty on the right eye twice within 3 weeks at another clinic. Two months later, the patient presented again at our clinic complaining of decreased vision in the right eye. Our slitlamp examination suggested graft rejection. Topical and systemic steroid treatment was commenced but failed to rescue the graft. In December 1996, we performed a third penetrating keratoplasty. Due to the eccentric previous graft and anterior synechia in the periphery ranging at 120° (4-to 8-o'clock position), we performed a large keratoplasty after synechiolysis, with a donor size of 9.0 mm and a recipient bed of 8.5 mm. Vision recovered to 0.3 by 2 weeks postoperatively and remained steady until September 2005. There were 5 minor rejection reactions during this time in the right cornea, and these were controlled using steroids. During follow-up, the superior half of the right cornea became cloudy, and the endothelial cell count was 485. However, there was no clinical evidence of lattice lesion recurrence. In July 2006, a fourth penetrating keratoplasty was performed using a similarly sized graft as for the third procedure. At the time of the fourth penetrating keratoplasty, the previous graft was removed and analyzed to investigate whether donor-derived cells were still present. This study was approved by the Severance Hospital IRB Committee.
Methods for Harvesting Tissues and DNA Analysis
The previously grafted corneal button was removed from the host cornea using forceps, with the epithelium and stroma removed en block, while leaving Descemet's membrane and endothelium still attached to the recipient side. The epithelium was carefully harvested into a specimen tube using a Bard-Parker No. 15 knife. The central stroma measuring 2.0 mm in width and 9 mm in length was excised from the whole stroma and was then dissected into 5 blocks, numbered 1 at the 12 o'clock position, 3 at the center and 5 at the 6 o'clock position ( fig. 1 ). An endothelium sample was not taken for testing as the tissue had been exposed to blood in the anterior chamber during synechiolysis. The buccal mucosa of the patient was harvested using a cotton swab as a control of recipient DNA. The epithelium, stroma samples No. 1-5 and the buccal mucosa underwent forensic genotyping analysis to determine if the tissues contained recipient and/or nonrecipient (i.e. donor) DNA. DNA was extracted using a DNA IQ TM system (Promega Co., Madison, Wisc., USA) according to the manufacturer's instructions. The Powerplex 16 system kit (Promega Co.) was used, and 16 genotype markers were tested for amelogenin for sex chromosomes and 15 autosomal short tandem repeats.
Results
The DNA in the epithelium sample was found to be identical to that in the recipient buccal control sample, indicating that the epithelial cells were all derived from the recipient. Similarly, the DNA in stroma sample No. 1 (the most superior stromal level) was identical to the recipient control. In contrast, the DNA from stroma sample No. 3 (the central block) was different from that of the recipient. The DNA in stroma samples No. 2, 4 and 5 showed both recipient and nonrecipient genotypes ( fig. 2 , table 1 ).
Discussion
The present study examined whether donor-derived cells remained present in a corneal graft after nearly 10 years. The results showed that all donor epithelial cells were replaced by recipient cells, while stromal cells appeared to be derived from both recipient and nonrecipient sources. In the present case, the nonrecipient source was presumably the donor since the analysis involved 16 different markers and the pattern of each marker was highly consistent in each specimen. Such marker data indicate that the findings are highly unlikely to be the result of sample contamination. Interestingly, in terms of the stroma, cell derivation appeared to be a function of stromal position. Donor-derived cells were preserved in the center of the stroma, while the midperipheral stroma contained both recipient and donor-derived cells, and the stroma periphery contained only recipient cells. These findings suggest that donor cells were progressively replaced by recipient cells from the periphery. The present findings are consistent with those of others. Wollensak and Green [3] used FISH analysis of sex chromosomes in sex-mismatched corneal transplants to distinguish between host and donor cells. They found complete replacement of donor cells in 11 of 14 corneal buttons ranging from 11 months to 30 years postoperatively. However, in 3 cases they found that 15-26% of keratocytes were donor derived at 2.5, 2.6 and 4.5 years postoperatively. They reported that the surviving stromal keratocytes were present in small groups of 2-4 cells distributed throughout the corneal stroma rather than localized in specific areas. Basu and Carre [1] observed stromal keratocyte replacement as early as 6 months postoperatively, and a maximum survival time of 6 years for donor cells.
The present study shows that donor-derived cells remained for approximately 10 years, and this is the first demonstration of such long-term survival in a corneal graft. It is probable that the extent and timing of donor cell replacement is influenced by individual case features such as graft rejection or corneal edema. Hori and Streilein [9] found that donor-derived keratocytes and endothelial cells persisted to a high level in accepted corneal allografts in mice, and were eliminated when grafts were rejected. In the present case, the patient had a clear inferior half and an edematous superior half of the cornea. This clinical finding is consistent with the genotyping data showing no donor-derived cells in stroma sample No. 1, and both donor-derived and recipient cells in sample No. 5. These data support the view that an accepted corneal graft retains more donor-derived cells.
The current case differs from previous reports [10] in that the lattice dystrophy had not recurred after approximately 10 years. The basis of lattice dystrophy recurrence remains unknown. The present work is consistent with the view that infiltrating stromal keratocytes would be related to such a recurrence, since the lack of recurrence in the present case may be due to fewer surrounding recipient keratocytes as a result of a relatively large removal of tissue (9.0 mm). If epithelial cells play a major role in producing abnormal proteins in lattice dystrophy, recurrence could occur in the early postoperative period even after a successful transplantation. Alternatively, it may be that a close interaction between epithelial cells and keratocytes is required for lattice-like lesion development. We propose that fewer surrounding peripheral keratocytes in a large graft means it takes longer to completely replace the donor cells compared to a small graft, and that this could be a factor relevant to the absence of the recurrence in this case. Further studies are required to determine whether replacement progresses more rapidly in a small graft.
In conclusion, the present study describes a case of donor-derived cells in the central stromal area nearly 10 years after a large corneal graft. This long-term survival of donor-derived cells may explain the absence of lattice lesion recurrence. In addition, the present study suggests that forensic DNA analysis is an easy and sensitive way to investigate the fate of corneal cells after transplantation. The present findings indicate that a similar study using a large case series is warranted.
